Aims: To study the time and costs of insulin treatment of newly registered outpatients with Type 2 diabetes mellitus (T2DM). Methods: In total, 355 patients with T2DM were registered on their first visit to one of 11 diabetes clinics across Japan. Of these, 313 were not being treated with insulin (the non-insulin group), whereas 42 were (the insulin group). In the insulin group, 26 were already on insulin at the first visit, whereas 16 were started on insulin after their first visit. The time and costs involved in the care were recorded over the following 5 months. Results: In the first 3 months, considerable time was expended in both groups, with the time spent by physicians a little (but significantly) longer for the insulin group. The total time expended by all care providers was approximately 1.3-fold greater for the insulin compared with the non-insulin group. The total cost and total cost/min for the insulin group was almost twice that for the non-insulin group. Over the 5-month period, mean HbA 1c in the non-insulin group improved from 8.0% to 6.5%, with 72% achieving a glycemic target of HbA 1c # 6.5%. In contrast, in the insulin group, mean HbA 1c improved from 9.4% to 7.6%, with only 39% achieving the target. There were no reports of major hypoglycemic events in either group and body mass index remained stable. Conclusions: The insulin therapy for T2DM can be achieved safely and effectively at outpatient clinics, even though it requires considerably more time and resources than non-insulin therapy.
Introduction
Diabetes mellitus (DM) is a chronic disease that currently affects 7.4 million people in Japan, and its prevalence is increasing. 1 Considerable mortality, 2, 3 morbidity, 4 ,5 and costs 6, 7 are associated with the condition. For example, the annual medical expenditure for diabetes care in Japan in 2007 was estimated to be more than 1,100 billion yen, which represented approximately 5% of Japan's healthcare costs, and the rise in expenditure for diabetes care was higher than that for any other disease. Each year, more than 10,000 DM patients start on hemodialysis and approximately 3,000 patients become blind. Stricter glycemic control is key in preventing the microvascular complications of diabetes and in reducing the risk of macrovascular diseases. [8] [9] [10] [11] [12] [13] Because of progressive deficits in insulin secretion, approximately half the patients with DM require insulin therapy to achieve good glycemic control. 11, 13, 14 However, a delay in starting insulin is often reported. [15] [16] [17] For example, Kobayashi et al reported that the hypoglycemic effect of insulin therapy was proportional to basal HbA 1c at the time of initiation of insulin and any delay in starting insulin resulted in disappointing outcomes. 18 There are several reasons why starting on insulin may be delayed. First, patients are often reluctant to start insulin injections. Second, clinicians may be reluctant to start insulin therapy because it is a time-consuming process and they may lack appropriate resources.
Insulin is usually started on an inpatient basis or on an outpatient basis in secondary care. However, most patients are seen at the primary care level and it is reasonable that insulin therapy has expected to be initiated at the site of the clinical practice because of social and economic considerations. The present study was conducted to provide baseline information regarding the time and human resources required to start insulin therapy in diabetes clinics, as well as to provide relevant economic data.
patients and Methods

Study setting and patient selection
Eleven diabetes clinics with practicing diabetologists participated in the present study. The clinics were located across Japan and the study period was March-November 2003. A total of 355 new patients with Type 2 DM were registered at their first clinic visit and followed for 5 consecutive months. Of these patients, 313 who were not on insulin were defined as the non-insulin group, whereas the 42 who were on insulin were defined as the insulin group. Twenty-six patients were on insulin at the time of their first visit to the clinic, whereas the remaining 16 patients in the insulin group started on insulin therapy after their first clinic visit. The initiation of insulin was done on outpatient basis at each clinic.
At the time of the first clinic visit, each new patient completed a form that recorded background information and behavior, as described previously. 19 After plasma glucose, HbA 1c , and urinalysis examinations, patients were interviewed by a Certified Diabetes Educator (CDE) nurse to confirm the history and lifestyle information recorded on the form. The CDE nurse gave this information to a physician, along with the glucose, HbA 1c , and urinalysis results for that day. The physician met the patient, assessed the state of the disease, the patient's lifestyle, and his/her knowledge of the disease, and then offered advice. At the end of the consultation, the physician arranged for the patient to have a oneon-one education session with a dietician or nurse on either the same day or at the next visit. When and to whom education had been delivered was assessed by a physician after consideration of glycemic control, lifestyle, obesity, and the stages of change according to the transtheoretical model. 20 Plasma glucose and HbA 1c (as determined by HPLC and expressed as a JDS value which is equivalent to (NGSP value-0.4)) were measured onsite at each visit, or each month, for every DM patient.
Each clinic had, on average, 1.7 diabetologists, 4.5 nurses, 2.2 dietitians, and 4.1 clerks, and seven of the clinics also had one technician. At least three of the staff at each clinic were CDEs. Consultations with physicians required a prior appointment in six of the clinics, but not in the other five. The clinics saw an average of 60 patients/day and 840 DM patients/month. Six of the clinics provided free group education sessions outside consulting hours.
Collection of data regarding time and cost
During the study period, the time expended by the clinic for each visit was recorded using a form that documented the time taken by physicians for each consultation, by nurses to interview the patients and perform laboratory examinations, by dietitians to provide dietary counseling, and by nurses to provide patient education. The sum of the times taken for each of these steps was defined as total care time, whereas the sum of the times to provide dietary counseling and patient education (carried out by a nurse) was defined as education time. Only the time for counseling delivered on a one-on-one basis was measured. The fees charged by each of the clinics each month were determined on the basis of reimbursement claims during the study period.
The study protocol was approved by the ethical committee of the JDDM. All registered patients were informed about the study and consented to being observed during their visit.
Statistical analysis
Data are expressed as the mean ± SD. In univariate analyses, Student's t-test for continuous data and Pearson's χ 2 test for categorical data were used to determine differences in means and proportions. Pearson's correlation coefficient was used to measure the association between two variables. P , 0.05 was considered significant. All statistical analyses were performed using SPSS software (SPSS Japan, Tokyo, Japan).
Results
Clinical characteristics of the patients
The clinical characteristics of the patients in the insulin and non-insulin groups are given in Table 1 . In the non-insulin group, 40% of patients were newly diagnosed, compared with 24% in the insulin group. The proportion of smokers in both groups was 44%.
The mean age of patients in the insulin group was less than that of patients in the non-insulin group (P , 0.05). The average duration of diabetes in the non-insulin and insulin groups was 4.8 and 9.2 years, respectively (P , 0.0001). Within the insulin group, the average duration of diabetes for those already on insulin and those starting insulin after their first clinic visit was 11.7 and 4.4 years, respectively. The mean HbA 1c level in the non-insulin and insulin groups was 8.0% and 9.3%, respectively (P , 0.01). Mean body mass index (BMI) was smaller and systolic blood pressure was significantly lower in the insulin group compared with the non-insulin group. However, there was no significant difference in total cholesterol levels between the two groups.
Time use during clinic visits
Patients in the insulin group visited the clinic more frequently than did patients in the non-insulin group. no. visits/month non-insulin group 1.6 ± 0.8
non-insulin group 20.5 ± 10.9 11.3 ± 8.9 7.6 ± 5.7 7.1 ± 5. notes: Data are the mean ± SD. *P , 0.05, † P , 0.01 compared with the non-insulin group. The time spent educating patients is the sum of the time spent providing dietary counseling and education by nurses.
There was no significant difference in the number of visits for patients in the insulin group who were already on insulin at the time of their first visit and those who started on insulin after their first visit ( Table 2) .
The time spent by physicians consulting with patients was longer for the insulin group than the non-insulin group, especially for patients who started insulin therapy after their first visit. The times spent by nurses conducting interviews and performing laboratory examinations was nearly the same between the two groups during the first month. The time spent on patient education was significantly longer for patients starting insulin than for those already on insulin or not taking insulin. The mean total care time in the first month was significantly longer for patients in the insulin than the non-insulin group (138 vs. 100 min, respectively). The total care time tapered during the study period, but was still longer by approximately 12 min for the insulin group than the non-insulin group at the end of the 5-month period.
In the first month, dietary counseling was delivered to 33% and 43% of patients in the non-insulin and insulin groups, respectively ( Table 3 ). The counseling time was longer for patients in the non-insulin group than for those in the insulin group. Nurses provided counseling to 46% and 71% of patients in the noninsulin and insulin groups, respectively, during the first month, and the time spent with patients in the insulin group was much longer than that spent with patients in the non-insulin group throughout the study period. Patients who were starting insulin therapy after their first visit received more educational counseling from both the dietitian and nurse than did the other patients.
economic data
Reimbursement for care is detailed in Table 4 . These figures do not include charges for medications and insulin. The reimbursement for the insulin group was approximately twice that of the non-insulin group in every month of the study. Under the Japanese medical system, charges associated with the self-monitoring of glucose levels and nurse counseling were covered for the insulin group, but not for the non-insulin group. Therefore, the reimbursement for expenses in addition to examinations was considered as an insulin-related expense. The total fee divided by total care time for the insulin group was approximately twice that for the non-insulin group throughout the study period, except for the total fee/min in the first and second months.
Clinical outcomes
The mean HbA 1c level in the non-insulin group decreased from 8.0% at the first visit to 6.5% after 5 months, compared with a decrease in mean HbA 1c in the insulin group over the same time frame from 9.4% to 7.6% ( Table 5 ). In the group of patients who started insulin therapy after their first visit, the mean HbA 1c level improved better than in the group of patients continuing with insulin therapy, although HbA 1c levels in the latter group after 5 months were still higher than in the non-insulin group. The proportion of patients in the non-insulin group who achieved an HbA 1c # 6.5% in the first month was 34%, which increased to 72% after 5 months (range 56%-88% across the 11 clinics). In comparison, 24% and 39% of patients in the insulin group achieved an HbA 1c # 6.5% after 1 and 5 months, respectively.
Blood pressure in the non-insulin group decreased significantly between the first visit and the fifth month, but remained the same in the insulin group. Although total cholesterol levels decreased between the first and fifth months in both groups, the decrease was only significant for the non-insulin group ( Table 5) . The proportion of patients who achieved their target systolic blood pressure increased in the non-insulin group over the 5 months of the study, but was unchanged in the insulin group (Table 5 ). The BMI after 5 months was nearly the same as that on the first visit for both groups.
Discussion
The present study has provided baseline data regarding the time and costs involved in the management of newly registered patients in diabetes clinics in Japan according to whether they are receiving insulin or noninsulin therapy. The time and resource utilization for patients receiving insulin therapy was approximately twice that for those receiving non-insulin therapy. In addition, patients receiving insulin therapy had 1.3-fold more clinic visits/month than patients not on insulin therapy. Compared with patients in the noninsulin group, the total time spent on patients who were either on insulin therapy at the time of their first clinic visit or who started insulin after their first visit was 1.4-and 1.7-fold greater, respectively, at the end of the first month. Although the time spent on patients in the insulin group decreased over the 5 months of the study, it remained consistently higher than that spent on patients in the non-insulin group (∼4 min). Furthermore, the time physicians spent consulting with patients was 2.5 min longer for the insulin group after 4 months. In previous studies, it has been reported that approximately 7 min is spent seeing outpatients with DM treated with medication, 19, 21 ; thus, in the present study having to spend an additional 2.5 min with patients in the insulin compared with the non-insulin group may place a further burden on physicians. The time spent by nurses providing patient education was also longer for the insulin group than the non-insulin group, especially in the first 3 months. These data indicate that patients can become accustomed to administering insulin injections and self-monitoring glucose levels over a period of approximately 3 months, even though they are likely to need greater consultation than patients who are not on insulin throughout their treatment.
The total fee for the insulin group was approximately double (ie, 10,000 yen) that for the non-insulin group. However, the calculated fee for the insulin group included the costs of sensors and other equipment needed for glucose monitoring, as well as fees for the disposal of these medical devices, so that the actual fee for insulin care is only approximately half the reported fee. The additional costs in the insulin group were offset by reimbursements for education and support of insulin injections, and are thought to be reasonable considering the time expended on these patients, even though the costs remain higher than those in the non-insulin group.
For most patients in Japan, insulin therapy had been initiated on an inpatient basis. However, in recent times it has become increasingly difficult for patients to afford hospital admission to start insulin therapy. The costs associated with starting insulin as an inpatient (5-7 days hospitalization) have notes: Data are the mean ± SD. *P , 0.05, **P , 0.01, ***P , 0.001, ****P , 0.00001 compared with the first month; ¶ P , 0.05, † P , 0.01, ‡ P , 0.001, ∫∫ P , 0.00001 compared with the non-insulin group. Abbreviations: OgLAs, oral glucose-lowering agents; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMi, body mass index.
been reported to be fourfold greater in France 22 and 10-fold greater in Germany 23 compared with the costs of initiating insulin therapy on an outpatient basis. In these reports, equivalent glycemic control was achieved at 3 and 12 months, respectively, 22,23 and the authors concluded that the initiation of insulin therapy on an outpatient basis was as safe and effective as starting insulin as an inpatient, and that it was very cost-effective.
22,23
In the present study, the HbA 1c improved from a mean of 9.4% to 7.6% in the insulin group, which was a slightly larger decrease than that seen in the non-insulin group (from 8.0% to 6.5%). There were no major hypoglycemic episodes recorded for any patient in either group in the present study. The BMI, which often increases in response to insulin therapy, did not increase in the present study, which is attributed to the quality of the self-care education provided by the CDE nurses and dietitians. However, the proportion of patients who achieved the glycemic goal (ie, HbA 1c # 6.5%) was only 39% in the insulin group, compared with 72% in the non-insulin group. The basal HbA 1c in the group of patients who started insulin after their first clinic visit was as high as 9.5%, which reflects a delay in the initiation of insulin. It has been reported previously that the mean basal HbA 1c of patients who achieved HbA 1c # 6.5% after 12 months insulin was 7.5%. 18 The mean age of patients in the insulin group was less than that in the non-insulin group and stricter glycemic control was expected from the point of view of preventing DMassociated complications and health care expenditure. It has been reported previously that the total health care expenditure decreases following the initiation of insulin therapy, despite initial increased costs. 24 Delays in initiating insulin therapy can be caused by several factors. First, patients are often reluctant to inject insulin. In addition, physicians may be reluctant to start insulin therapy because of concerns regarding patient acceptance of injections, a lack of nurses to provide patient education, and more complex and time-consuming difficulties in the medical management of insulin treatment. [15] [16] [17] 25 Furthermore, many clinicians traditionally only consider initiating insulin therapy in T2DM patients after treatment with oral glucose-lowering agents has failed. 25 Many patients with T2DM are seen in primary care settings. When we weigh high priority against the need for tight glycemic control, it is evident that we need a more effective and efficient system in the community that can facilitate the initiation of insulin treatment earlier in those patients who require it by referring them to specialists and/or increasing the accessibility to CDEs. 16, 17, 26, 27 There are some limitations to the present study. First, the sample size was small in the insulin group. The physicians participating in the study are specialists and the proportion of newly registered patients a year in the insulin group is not so small compared to that of general physician's clinics. However, it is still too small to evaluate the effect of the severity of glycemic control, duration of diabetes and complications which are the factors that are considered to affect the time and costs of the treatment. In addition, the education program was not standardized and differed between clinics, such that a relatively large standard deviation was obtained for the time spent educating patients.
In conclusion, the titration and initiation of insulin therapy for T2DM patients can be achieved safely and effectively at outpatient clinics. Although insulin therapy requires much more time and resources than non-insulin therapy, the initiation of insulin therapy on an outpatient basis remains a cost-effective option. The initiation of insulin should not be delayed when it is needed. patient consent prior to publication. Author(s) have confirmed that the published article is unique and not under consideration nor published by any other publication and that they have consent to reproduce any copyrighted material. The peer reviewers declared no conflicts of interest.
